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(54) Liner for a shaped charge 

(57) A liner (26) for a shaped charge (10) is con- 
structed from a combination of powdered metal and a 
polymer material. The powdered heavy metal and poly- 
mer is compressively formed into a rigid shaped charge 
liner under very high pressure. The polymer may be in 



powdered form and or also be used to coat the pow- 
dered metal particles prior to compression. The liner 
(26) may also contain a relatively small percentage of 
other material to enhance lubrication or corrosion resist- 
ance. 
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Description 

[0001] This invention relates to improved oilwell per- 
forator liners, and, more particularly, relates to a linerfor 
a shaped charge. Still more particularly, the invention 5 
relates to an improved shaped charge liner constructed 
from compressed powdered heavy metal and polymer 
material. 

[0002] A subterranean gas or oil well typically begins 
with a hole bored into the earth, which is then lined with 
joined lengths of relatively large diameter metal pipe. 
The casing thus formed is generally cemented to the 
face of the hole to give the well integrity and a path for 
producing fluids to the surface. Conventionally, the cas- 
ing and cement are subsequently perforated with chem- 
ical means, commonly explosives, in one or more loca- 
tions of the surrounding formation from which It is de- 
sired to extract fluids, in general, the perforations extend 
a distance into the formation. One of the problems in- 
herent in the art is to maximize the depth of penetration 
into the formation. 

[0003] Explosive shaped charges known in the art 
generally have a substantially cylindrical or conical 
shape and are used in various arrangements in perfo- 
rating tools in subterranean wells. Generally, a tubular 
perforating gun adapted for insertion into a well is used 
to carry a plurality of shaped charges to a subsurface 
location where perforation is desired. Upon detonation 
of the shaped charges, explosive jets emanate from the 
shaped charges with considerable velocity and perfo- 
rate the well casing and surrounding formation. 
[0004] Liners of shaped charges have commonly 
been designed in an effort to maximize penetration 
depth. Various metals have been used. Solid metal lin- 
ers have the disadvantage of introducing metal frag- 
ments into the formation, detracting from the effective- 
ness of the perforation. In order to overcome this prob- 
lem, compressed powdered metal liners have some- 
times been used. Such liners disintegrate upon detona- 
tion of the shaped charge, avoiding the problems asso- 
ciated with metal fragments. It is known in the art that 
heavy metals are particularly suited for use in liners. 
Generally, the heavy metal is combined with one or 
more other metals with suitable binding characteristics 
to improve the formation of rigid liners through very high 
compression of the metal powders. One of the principal 
problems in the art has been the attempt to increase the 
heavy metal content of liners. Such attempts are out- 
lined in United States patent numbers 5,656,791 and 
5,814,758. 

[0005] Success in the art of producing compressed 
powdered heavy metal liners has been limited by efforts 
to identify suitable binding agents among elemental 
metals and alloys. A particularly serious problem is en- 
countered since the material properties of the various 
constituents of the metal powder can vary, specifically, 
particle size, particle shape, and particle density. The 
blending of the mixture must be done very carefully to 



avoid segregation of the powder constituents resulting 
in a poorly performing liner. Further difficulties are en- 
countered with powdered metal liners in that the metals 
are subject to corrosion. Efforts have been made to coat 
the completed liners with oil or other material to inhibit 
corrosion. These efforts have met with imperfect suc- 
cess. Another problem with powdered metal liner known 
in the art has been the need for added lubricant to facil- 
itate manufacturing the pressed liners. Commonly, pow- 
dered graphite is added to the powdered metal mixture, 
which necessarily reduces the quantity of heavy metal 
that can be included in the finished liner. 
[0006] After much research and study, the present in- 
vention employs various polymers in combination with 
heavy metal powders to produce an improved shaped 
charge compressed liner. The invention facilitates a 
higher heavy metal content resulting in improved liner 
performance. The liners of the invention also have im- 
proved corrosion resistance and a decreased need for 
lubricant additives. 

[0007] The inventions provide shaped charge appa- 
ratus for use in a subterranean well. In general, the in- 
ventions contemplate an improved liner for a shaped 
charge constructed from a combination of powdered 
metal and selected polymer material. 
[0008] According to one aspect of the invention, a 
mixture of powdered heavy metal and powdered poly- 
mer binder is compressively formed into a rigid shaped 
charge liner. 

[0009] According to another aspect of the invention, 
a liner for a shaped charge is constructed of a polymer- 
coated heavy metal powder compressively formed into 
a rigid shaped charge liner. 

[0010] According to still another aspect of the inven- 
tion, a liner for a shaped charge is constructed from a 
mixture of powdered heavy metal and powdered poly- 
mer binder blended with a polymer-coated heavy metal 
powder and compressively formed into a rigid body. 
[0011] In the above embodiments, the rigid body is 
preferably substantially conical. 
[0012] The heavy metal powder is tungsten, tantalum, 
hafnium, lead, bismuth, tin, copper, or a mixture of said 
metals. Tungsten is the most preferred metal powder. 
[0013] The percentage of heavy metal in the mixture 
is preferably within a range of substantially 90.0% to 
substantially 99.98% by weight, more preferably sub- 
stantially 99.0% to substantially 99.98% by weight. 
[0014] In an embodiment the polymer comprises a 
fluorocarbon. The polymer may be a polytetrafluoroeth- 
ylene, a polybutadienes, or a polyimide. It is preferred 
that the polymer is TEFLON. 

[0015] The percentage of polymer in the polymer- 
coated heavy metal powder is preferably within a range 
of substantially 0.02% to substantially 1 0.0% by weight, 
more preferably substantially 0.02 to substantially 1 .0% 
by weight. 

[0016] Preferably, the mixture further comprises sub- 
stantially 0.02% to substantially 1.0% lubricant by 
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weight. The lubricant preferably comprises powdered 
graphite or oil. 

[0017] Reference is now made to the accompanying 
drawings in which: 

FIGURE 1 is a side elevation view of an embodi- 
ment of an axially symmetrical shaped charge in ac- 
cordance with the invention; and 
FIGURE 2 is cross-sectional view taken along line 
2-2 of Figure 1 . 

[0018] The present invention will be described by ref- 
erence to drawings showing one or more examples of 
how the inventions can be made and used. In these 
drawings, reference characters are used throughout the 
several views to indicate like or corresponding parts. 
The drawings are not necessarily to scale and the pro- 
portions of certain parts have been exaggerated to bet- 
ter illustrate details and features of the invention. 
[0019] The apparatus and methods of the invention 
are shown generally in Figures 1 and 2. A conicaily sym- 
metrical shaped charge 10 is shown. The shaped 
charge is sized for a perforating gun commonly used to 
perforate subterranean wells and formations. Typically, 
a plurality of shaped charges are arranged in a substan- 
tially helical pattern on the perforating gun assembly. 
The exact size and shape of the shaped charge or the 
configuration of the perforating gun are not critical to the 
invention. The shaped charge 1 0 is enclosed by a case 
12. Generally, the case 12 is substantially cylindrical or 
conical. As used herein, the term "conical" is used to 
refer to shapes substantially conical or in the form of a 
frustum or truncated cone. Again , the exact shape of the 
case is not critical to the invention. In use, the perforat- 
ing gun (not shown) is placed in a subterranean location 
where perforation of the well casing and/or formation is 
desired, herein designated the target 14. The shaped 
charge has a muzzle 16, which is oriented toward the 
target 14, and an opposing closed end 18. 
[0020] Now referring primarily to Figure 2, the case 
10 is shown in cross section, revealing that the closed 
end 18 has a relatively small aperture 20 connected to 
a detonation cord 22. The detonation cord 22 is typically 
connected to a detonation circuit (not shown) known in 
the art. The case 1 0 contains a predetermined amount 
of high explosives 24 generally known in the arts, for 
example, RDX, HMX, HNS, CL-20, NONA, BRX, PETN, 
or PYX. A substantially conical liner 26 is disposed in- 
side the case 12 between the high explosive 24 and the 
muzzle 16, preferably such that the high explosive 24 
fills the volume between the casing 1 2 and the liner 26. 
The liner is typically affixed to the case with adhesive 
(not shown), but a retaining ring or spring may also be 
used. Upon detonation of the high explosive 24, the liner 
26 disintegrates and the liner material is propelled 
through the muzzle 16 into the target 14. As known to 
those skilled in the arts, it is advantageous for the liner 
to disintegrate upon detonation of the high explosive 



and to have the maximum possible mass and velocity. 
[0021] Further referring primarily to Figure 2, the liner 
26 is preferably constructed by compressing powdered 
metal andpowdered polymer binder material under very 

5 high pressure to form a rigid body. The process of com- 
pressively forming the liner from powdered metal and 
polymer binder material is understood by those skilled 
in the arts. The powdered metal is preferably tungsten, 
but may be any metal or mixture of metals. Metals with 

10 high density, high ductility, and capable of achieving 
high acoustic velocity are preferred. Metals chosen from 
the group tungsten, tantalum, hafnium, lead, bismuth, 
tin, and copper are particularly suitable, although other 
metals may be used, cost is often a major factor. Pref- 

15 erably, the percentage of heavy metal, preferably tung- 
sten, in the liner is within a range of approximately 99.0 
% to 99.98 % by weight. Optionally, percentages within 
a range of approximately 90.0 % to 99.8 % may be used. 
[0022] The percentage of polymer, preferably TE- 

20 FLON, a registered trademark, in the mixture is prefer- 
ably within a range of approximately 0.02% to 1 .0% by 
weight, although percentages within a range of approx- 
imately 1 .0 % to 10.0 % may also be used. Optionally, 
other polymers may be used such as for example, a 

25 fluorocarbon chosen from but not limited to the group 
polytetrafluoroethylene, polybutadienes, and polyim- 
ides. 

[0023] The invention has the advantages of reducing 
the difficulty in maintaining uniformity in the powdered 
30 metal mixture and in raising the percentage of heavy 
metal in the liner to higher levels than have been known 
in the art. 

[0024] Optionally, the liner 26 may also contain ap- 
proximately 0.02% to 1.0% lubricant by weight. Pow- 
35 dered graphite is a preferred lubricant known in the arts, 
although oils may also be used. Some oils such as lin- 
seed oil or tung oil, or other unsaturated organic com- 
pounds as disclosed in United States patent number 
4,794,990, are helpful in preventing corrosion of the 
40 powdered metal of the liner. 

[0025] The presently most preferred embodiment of 
the invention uses a liner 26 constructed from a poly- 
mer-coated heavy metal powder compressively formed 
into a rigid body. The process of coating the heavy metal 
45 powder with a polymer is understood by I those skilled 
in the arts. The polymer-coated heavy metal powder is 
then compressed under very high pressure into a rigid 
body. Presently, tungsten and TEFLON are preferred for 
the heavy metal and polymer coating respectively, al- 
so though the alternative metals and polymers described 
with reference to the above embodiment may be used. 
Preferably, the percentage of tungsten in the liner is 
within a range of approximately 99.0 % to 99.98 % by 
weight, although percentages within a range of approx- 
55 innately 90.0 % to 99.98 % may be used. The percentage 
of TEFLON, a registered trademark, in the mixture is 
preferably within a range of approximately 0.02% to 
1 .0% by weight, although percentages within a range of 
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approximately 1 .0 % to 1 0.0 % may optionally be used. 
[0026] Presently the most preferred embodiment of 
the Invention has the advantages of reducing the diffi- 
culty in maintaining uniformity in the powdered metal 
mixture and in raising the percentage of heavy metal in 
the liner to higher levels than have been known in the 
art. Among the additional advantages, the need for lu- 
bricant additives and anticorrosion additives are elimi- 
nated by the presence of a polymer coating, possessing 
both lubricative and anti-corrosive properties, on each 
metal particle. 

[0027] An additional alternative embodiment of the in- 
vention uses a liner 26, which is constructed of a com- 
bination of the elements of the first two embodiments 
described. That is, a mixture of heavy metal powder and 
polymer binder powder may be used in combination with 
polymer-coated heavy metal powderto construct the lin- 
er 26. The same proportions and variations in ingredi- 
ents described with reference to the first two embodi- 
ments may be employed with this additional embodi- 
ment as well. 

[0028] The embodiments shown and described 
above are only exemplary. Many details are often found 
in the art such as: types of high explosives, size and 
shape of shaped charges, and configuration of perforat- 
ing gun assemblies. Therefore, It will be appreciated 
that the invention described above may be modified. 



ytetrafluoroethylene, polybutadienes, and polyim- 
ides. 

7. A liner according to any preceding claim, wherein 
5 the mixture further comprises substantially 0.02% 

to substantially 1 .0% lubricant by weight. 

8. A liner according to claim 7, wherein the lubricant 
comprises powdered graphite. 

10 

9. A liner for a shaped charge according to claim 7, 
wherein the lubricant comprises oil. 

10. A liner according to any preceding claim, wherein 
15 the rigid body is substantially conical. 
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Claims 30 

1 . A liner for a shaped charge comprising: 

(a) a mixture of powdered heavy metal and 
powdered polymer binder compressively 35 
formed into a rigid body; and/or 

(b) a polymer-coated heavy metal powder com- 
pressively formed into a rigid body. 

2. A liner according to claim 1 , wherein the heavy met- *o 
al powder is tungsten, tantalum, hafnium, lead, bis- 
muth, and copper, or a mixture of said metals. 

3. A liner according to claim 1 or 2, wherein the per- 
centage of heavy metal in the mixture is within a *5 
range of substantially 90.0% to substantially 
99.98% by weight. 

4. A liner according to claim 1 or 2, wherein the per- 
centage of heavy metal in the mixture is within a so 
range of substantially 99.0% to substantially 
99.98% by weight. 

5. A liner according to claim 1 , 2, 3 or 4, wherein the 
polymer comprises a f luorocarbon . 55 

6. A liner according to claim 1 , 2, 3 or 4, wherein the 
polymer is selected from the group consisting of pol- 
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